Pumping ports in I'EIMI vacuum chamber will be shielded with slots cut in the walls of the beam pipe. The number of slots ;t s , their length /, and width w are defined by the required pumping conductance. The present design has 40 slots around the stainless steel round pipe in the straight sections, and, for the rectangular copper chamber of the arcs, there arc IS slots placed in upper and lower decks.
polarizability. For a long slot in a thick wall t Oe=Qm = lw-j2TS.
The radiation is exponentially small provided the slot is narrow compared with the wall thickness d, litdjvi > 1:
For 2dw < ira 2 , the exponent is given by the attenuation in the slot rather than by the roll-otF of the bunch spectrum.
However, the radiation from a slot induced by TE HOM-s is much larger because it is given by the longitudinal polarizability proportional to / 3 . The ratio of the radiated power to the power of the incident TE wave can be derived easily from Kurennoy's result :
where k c = u c /c is given by the cutoff frequency w c , q is propagating constant, and For the PEP-II arcs, / = 10 cm, u -10 cm, 6 = 5 cm, w = 0.3 cm, and ag = 1 cm the ratio is close to one. This means that a slot is transparent for a TE mode.
The power in the TE IIOMs is unknown. Contrary to TM IIOM-s, they are not coupled directly to the beam and may be generated by mode conversion due to the scalerring o ( the TM modes in the beam pipe, or by broad-band losses to the hybrid modes mostly in the HF cavities. A TM m = 0 mode may mix with a TE mode only in a cavity without cylindrical symmetry. The TE component of the hybrid mode is proportional to the ratio of the surface areas of couplers, damping ports, etc to the total surface area of a cavity. We estimate this ratio as less than S = 5%. A loss factor of TM modes above cutolf frequency of a 11F cavities is 0.12 V/pC. Hence, 24
RF cavities of the HER can generate TE modes with power
at the beam current 4 = 3 A,
The dipole modes in the RF cavities may be fully coupled with TE modes, but they are not exited by a beam with a zero offset rj. Therefore, the loss to this modes is of the "rder of vt/b compared lo the losses to the m = 0 modus.
The power Eq. (6) will go through the slots of few closest to the RF cavities pumping ports and may damage them. That can be avoided by covering slol.s with a mcsli of holes with small diameter from the outer side of the slots as it will be done for the dipole screens.
Mode trapping
Another issue is mode trapping. The leak of the magnetic field into a slot may shift the frequency of a mode close to the cuttofF frequency LJ C below the cutoff producing a trapped mode which exponentially decays at tike large distances from the slot, £(c) oc e"«l--l
a The effect of a slot is similar to the bulging of the beam pipe. The frequency shift is related to the localization length L of a ruude, L= \fq,
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where k e = w c /c-Theory predicts where Vt, is the volume of the bulging.
For an opening, the volume Vj should be replaced by the magnetic polarizability The shunt impedance of the trapped mode depends on the resistivity of the wall.
For a round beam pipe with radius 6, the shunt impedance of a trapped TMo n mode is 1 *:
where v is the n-th root of the Bcssol function JQ(V) = 0, and 6 is the skin depth at the frequency OJ C .
The shunt impedance for a rectangular chamber with the full dimensions a x b, a> b with a slot in the upper or lower decks is
Here modes has a probability to give the growth rate larger than the radiation damping time and would require stabilization by the feedback system. That situation can be excluded if we can design the pumping ports to avoid trapping.
To destroy the trapped mode we should remember that the localization Eq. (9) and the frequency shift arc defined by the total volume of the bulging. Hence, the trapping does not occur if the beam pipe has a dent with the volume
where or m and V}, is the poltu'iiitihilUy of all slots and the total volume of a dent within the localization length of a mode.
We checked that with MAFIA modiling the model described above by an addi tional volume protruded inside of the beam pipe, see Fig. 3 , with the volume laTger than the total polarizability of the slots by 25%. MAFIA finds that the frequency of the mode, which was trapped without the dent, is shifted to the frequency / = 2.8735
well above the cutoff frequency.
If the beam pipe is recessed to make a smooth bow-like inward bend with the length equal to the length of a slot and with the maximum decrease of the radius A at the center of the slots, it would satisfy the condition Eq. 
T J T «l (17).
For the parameters given above, the width of thew insertion w = 2.5 cm and the hight, A = 1 mm this condition is easily fulfilled both in the straight sections (6= 4.5 cm) and the arcs (6 = 2.5 cm).
Mode trapping due to imperfections of the beam pipe.
The The width of the mode Su/ui is smaller than the width due to resistive wall if
This condition is stronger than Eq. {i'.i) for A > (2b/v]y/bf5. For the arcs that means A>8m.
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The shunt impedance of a trapped mode is given by Eq. (II) where a m has to be replaced by the volume Vj, = 2ir6oA/^ wiLh q defined in Eq.(21):
The shunt impedance decreases rapidly with the amplitude A. However, it is quite noticable even for small amplitudes for long wave length. Take A = 10/im, A = 3 m, b = 3 cm. Then R a =* 400 ft.
The question remains if there is a limit on small A-s which still can trapped mode.
One of such a mechanism is the random variations of the radius b(z) = bo + 6 T (z).
Let 6{z) be a random noise, < 6 r >= 0, < <5; >= 6%, with the correattion length £.
Effect of the noise can be explained considering probability of the trapped mode to leak under the barrier of Eq. (19) to the neighbouring potential well. Large prob ability of the leak means low external Q-factor and damping of the mode. Normally, probability of the tunneling is exponentially small, P oc e~** because q\ = \/L » 1.
Replace, however, the potential barrier with the length A by n small barriers each with the same hight but with the length X/n separated by small gaps of the same width. Penetration through a single small barrier can be described by the matrix For n = 1, and <]\ > i that gives exponentially small probability. In the limit n -> oo, f/ A >> 1, the probability to penetrate through the total barrier is P = (1 + 2qX)~-rather than being exponentially mall.
This example shows, that if \ he amplitude of a noise of the boundary is compa rable with the amplitude of the periodic wave the penetration through the barrier ie much larger than for the exponentially small tunneling under the harrier. The result corresponds to diffusion of the wave through small barriers and, therefore, should be valid not only for equal but also for large number of small but otherwise arbitrary barriers including random noise. In particular, that means that random perturbation of the boundary can not produce trapped modes.
Summary
The vacuum ports will be screend with slots. It is shown that slots do not screen pumps from the TE HOM-s propagating in the beam pij>e.
Mode trapping produced by the leak of the magnetic field in the slots may cause mode trapping. This eflcct, predicted theoretically, is confirmed by MAFIA and in a good agreement with theory. The width of these modes given by resistive wall and radiation is found to be small. We discuss the means to avoid these modes, which are potentially dangerous for heating of I he beam pipe and the longitudinal couplcd-buch instability.
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